(100 mg, 1.0 mmol), N-Boc pyrrole 2 (0.67 mL, 4.0 mmol), Cu(OAc) 2 .H 2 O (20.0 mg, 10 mol%) and acetone (2.5 mL) were successively added. After being stirred for the required time (see Table 2 ), the mixture was diluted with EtOAc (10 mL) and H 2 O (5 mL). The aqueous phase was extracted with EtOAc (3x). The collected organic extracts were dried on Na 2 SO 4 , filtered and evaporated to dryness. The crude was purified by flash chromatography on silica gel to give the pure product.
N-tert-butoxycarbonyl-2-(4-nitrophenyl)-1H-pyrrole 3a.
The crude was purified by flash chromatography on silica gel (5% EtOAc-petroleum ether) to give 3a as a yellow solid (239 mg, 83%). mp 122-123 °C [lit. Hz, J = 1.7 Hz), 6.27 (app t, 1H, J = 3.3 Hz), 1.43 (s, 9H); 13 C NMR (100 MHz, CDCl 3 ) δ 149. 1, 146.8, 140.9, 132.9, 129.7 (2C), 124.4, 123.1 (2C), 116.6, 111.3, 84.7, 27.9 (3C) 196.4, 149.3, 138.6, 137.9, 136.0, 134.1, 132.4, 130.1 (2C), 129.7 (2C), 128.9 (2C), 128.4 (2C), 123.7, 115.8, 111.1, 84.2, 27.8 (3C) N-tert-butoxycarbonyl-2-(4-acetyl)-1H-pyrrole 3e. The crude was purified by flash chromatography on silica gel (7.5% EtOAc-petroleum ether) to give 3e as a yellow oil (187 mg, 66%). 197.6, 149.0, 138.9, 135.5, 133.9, 129.0 (2C), 127.7 (2C), 123.5, 115.5, 110.9, 84 1, 133.7, 133.1, 132.8, 130.4 (2C), 127.7 (2C), 122.8, 114.7, 110.6, 83.8, 27.6 (3C) N-tert-butoxycarbonyl-2-(2-methoxycarbonylphenyl)-1H-pyrrole 3j. The crude was purified by flash chromatography on silica gel (7.5% EtOAc-petroleum ether) to give 3j as a yellow oil (177 mg, 59%). 133.6, 133.0, 132.9, 132.7, 132.2, 127.3, 127.1, 126.7, 121.7, 113.0, 110.8, 83.0, 27.5 (3C) . IR (KBr)  2984, 1734, 1676, 1314, 1272 cm 1, 149.0, 139.8, 131.3, 129.4, 128.5, 127.0, 122.3, 114.5, 110.2, 83.0, 51.8, 27.4 (3C) N-tert-butoxycarbonyl-2,5-(4-nitrophenyl) Table 2 ), the mixture was diluted with EtOAc (10 mL) and H 2 O (5 mL). The aqueous phase was extracted with EtOAc (3 x). The collected organic extracts were dried on Na 2 SO 4 , filtered and evaporated to dryness. The crude was purified by flash chromatography on silica gel (5% AcOEt-petroleum ether) to give the product as a red solid. mp 134 °C. They consisted in geometry optimization and calculations of the vibrational spectrum in order to confirm the nature of the stationery points (minimum of transition state).
Calculations have been performed using Truhlar's M06-2X functional that is known to accurately predict both transition state energies and weak interactions.
4
A triple- basis set, ation orbitals, namely 6-311G(2d,2p), was applied throughout. containing two sets of polariz 3
